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....... verveereneenes. ABSTRACT

This report presents the results of an engineering flight
test of the Ul-1B/540 rotor helicopter equipped with the XM-10,
XM-21, or XM-3 armament subsvstem in conjunction with the M-5
armament subsystem. The test was conducted by the U. 5. Army
Aviation Test Activity (USAAVNTA). Overall test objectives were
to verify safety of flight, develop data for the operator's
manual, and assure that aircraft modifications did not degrade
the handling qualities or limit the operational characteristics
of the subsystems. Specific objectives were to determine quan-
titatively the effect of the armament subsystems on stability,
control and performance of the aircraft, to determine the rocket
launcher jettison characteristics, and to define the usable
limits of the flight envelope for safe jettison of the launchers.
Testing was conducted at Edwards Air Force Base, California and
at sites in Fort Irwin and Bakersfield, California. A total of
152 flights for a productive flight time of 116.4 hours was flown
on aircraft S/N 64-14105 between 13 November 1965 and S5 May 1966.
This included 30 jettison flights and 35 firing flights.

There were no significant adverse changes in the stability
and control characteristics of the Ul-1B/540 helicopter due to
the installation of the various armament subsystems. A drag
penalty imposed by the installation of the XM-3/M-5 or XM-21/M-5
caused a 13-percent and 10-percent decrease in specific range
respectively with a corresponding 20-percent and ll-percent de-
crease in airspeed. The vibration level of the aircraft was gen-
erally satisfactory. A self-excited undamped lateral 2/3-per-
rev vibration grounded the aircraft and terminated further test-
ing on the XM-3/M-5 during the 9500 pounds stability and control
portion of the test program. However, sufficient data was ob-
tained prior to the termination of testing to indicate no problems
will exist at the heavier gross weights. This characteristic
could have safety-of-flight implications and should be corrected.
Firing the various armament subsystems could be conducted at all
airspeeds within the flight envelope with no major stability and
control problem encountered. Firing rockets in a hover, with the
launcher at negative deflection, should be avoided. Rocket launcher
jettison can be satisfactorily accomplished under all level flight
conditions tested., Jettison should be avecided during autorotations
and in close proximity tc the ground.
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reeeerreeseeeeneeeneateaens FOREWORD

The U, S. Army Test and Lvaluation Command (USATECOM) assigned
to the U. S. Avrmy Aviation Test Activity (USAAVNTA) responsibility
for preparing test plan, conducting test, and submitting final report.

vii



PHOTO 1 - UH-1B/540 Helicopter
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SECTION 1. INTRODUCTION

1.1 BACKGROUND

On 12 August 1964, the Iroquois Project Manager requested
that USATLECOM conduct confirmatory, airworthiness, performance
and logistical tests of the UH-1B helicopter equipped with the
Model 540 rotor system. A test program coordination meeting
was held on 1Y May 1965 and a decision was made to conduct sep-
arate tests for cach armament subsystem to be installed on the
UH-1B/540 helicopter.

USATECOM issued a test directive to USAAVNTA, on 16 July
1965, to conduct an engineering (product improvement) test of
the Ull-1B/540 rotor helicopter equipped with armament subsystems.
USAAVNTA submitted a test plan which, as modified by reference b,
was approved by USATECOM on 7 December 19€5.

This test was conducted at Edwards Air Force Base, Calif-
ornia, and at sites in Fort Irwin and Bakersfield, California.
A total of 152 flights for a productive flight time of 116.4
hours was flown from 13 November 1965 through 5 May 1966,

Interim reports were submitted in references j, k, 1 and
m, on 15 December 1965, 21 December 1965, and 28 March 1965 re-
spectively.

1.2 DESCRIPTION OF {ATERICL

1.2.1 UH-1B/540 Helicopter

The UH-1B/540 helicopter is a utility helicopter powered
by the T53-L-11, 1100 shaft horsepower gas turbine engine. Var-
ious weapon subsystems can be installed on this helicopter. The
540 rotor is a two-bladed teetering, semi-rigid rotor with a 44-
foot diameter and 27-inch chord. The fuselage is identical to
that of a standard UH-1B helicopter except for the addition of a
Uli-1D synchronizing elcvator and a cambered vertical stabilizer.
For a more detailed description see appendix IIIT.

1.2.2 M-5 Armament Subsystem

The -5 armament subsystem (figure A) is designed as a per-
manent installation on the UH-1B helicopter. The M-5 houses a 40-
millimeter (mm) M-75 grenade launcher, which is an air-cooled,
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clectric-motor driven, rapid-tire weapon capable of launching 3
antipersonncel, fragmentation-type projectiles. The launcher '
1s pereussion fired and tfed by a metallic belt. For a com-

plete description sece appendix I,

=i
FIGURE A
The M-5 Armament Subsystem, a 40mm M-75 Grenade Launcher

1.2.35 AM-3 Armament Subsysten

The XM-3 armament subsystem (figurc ) provides the cap-
ability of firing 2.75-inch limited-spin folding-fin aerial
rockets (LSFFAR's) from a launcher mounted on ecither side of
the helicopter. The launcher is of the open-breech tube type.
Lach launchier consists of 4 modules containing ¢ tubes cach.
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The launcher has manual, mechanical adjustments from +6 deg-
rees to -6 degrees relative to the waterline of the helicopter.
The launcher can be jcttisoned by mcans of explosive bolts in
an emergency. For a complete description see appendix 111,

FIGURE B
The XM-3 Armament Subsystem, a 2.75-inch Aerial Rocket

1.2.4 XM-16 Armament Subsystem

The XM-16 armament subsystem (figure C) is - combination
of two 7-round 2.75-inch LSFFAR XM-157 rocket launchers and an
M-6 subsystem consisting of four flexible 7.62-mm M-60C machine
guns suspended from the universal stores mounts. The rocket
launchers can be jettisoned by means of a solenoid actuated
hook in an emcrgency. For a complete description sce appendix
I11.

FIGURE C
The XM-16 Armament
Subsystem Installed
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1.2.5 XM-21 Armament Subsystem

The XM-21 armament subsystem (figure D) is identical to
the XM-16 subsystem except that the M-6 subsystem is replaced
by the XM-20 subsystem, which consists of two flexible 7.62-mm
XM-134 mini-guns. The XM-134 mini-gun is a lightweight,
clectricity-driven, air-cooled, 6-barrel weapon capable of firing
4000 rounds per minute. For a complete description see appendix
ITI.

FIGURE D
The XM-21 Armament S-bsystem Installed

1.2.6 Sights

The Mark 8 sight was used by the pilot during firing of
the 2.75-inch rockets. The Mark 8 sight is obsolete and is
being replaced by the M-00 sight.

The copilot/gunner used a prototype M-5/M-6 combination
sight that allowed individual firing of the M-75 grenade launch-
er, M-60C machine gun or XM-134 mini-gun.

1.3 TEST OBJECTIVES

The overall objectives of this program were to verify safety
of flight for the Uii-1B/540 rotor helicopter equipped with each
armament subsystem, develop data for inclusion in the aircraft
operator's manual, and assure that the modifications made to the
aircraft did not result in degradation of handling qualities or

4



impose limitations on the operational characteristics of the arm-
ament subsystem.

The specific objectives of USAAVNTA in this test program were:

a. To determine the quantitative effect of the various arm-
ament subsystems on stability, control and performance of the air-
craft.

b. To determine the rocket launcher jettison characteristics
and define the usable limits of the flight envelope for the safe
jettison of the launchers.

1.4 SUMMARY OF RESULTS
The significant results of this test are summarized below:

a. An unsatisfactory self-excited, undamped lateral 2/3-
per-rev vibration developed that resulted in the termination of
testing. This vibration could affect component life and, there-
fore, have safety-of-flight implications.

b. Firing from a hover with rocket launcher at maximum de-
flection was hazardous.

c. Compared with the unarmed UH-1B/540 test results (reference
p), the installation of the XM-3/M-5 and XM-21/M-5 armament sub-
systems caused a reduction in specific range and airspeed of approx-
imately 11 and 15 percent respectively.

d. The helicopter had negative dihedral effects at light-
weight configurations and airspeeds above 50 knots calibrated
airspeed (KCAS).

e. At a forward center of gravity (C.G.) there was in-
sufficient longitudinal control to hover downwind at wind
speeds greater than 20 knots.

f. During high-powered climbs in the speed range for max-

imum rate of climb (45 to 60 KCAS) the helicopter was dynamically
unstable.

g. During firing of the XM-21 subsystem the XM-134 mini-
gun failed to cease firing at the maximum inboard azimuth.

h. During firing of the M-5 subsystem with the combination
sight the M-5 would not fire when the sight was rotated to the
maximum azimuth.
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i. When the XM-3 rocket launcher was jettisoned during auto-
rotations the launcher floated on the skid and aft crosstube approx-
imately 0.4 seconds before falling clear of the helicopter.

j. With protective shield installed on the leading edge of
the synchronizing elcvator there was no damagec to the elcvator.

For a more complete discussion of all results see section 2,
Details of Test.

B1.5 CONCLUSIONS

The performance, stability and control, and jettison charact-
eristics of the Ull-1B/540 helicopter equipped with the M-5, XM-16,
XM-21, or XM-3 armament subsystem are considered to be satisfactory
with the following exceptions:

a. A self-excited lateral 2/3-per-rev vibration of unknown
origin was present that could affect component life and, there-
fore, have safcty-of-flight implications (paragraph 2.4).

b. Firing from a hover with the rocket launcher at maximum
deflection could create a hazardous situation with possible damage
to the aircraft (paragraph 7.5).

c. At a forward C. G. therc was insufficient longitudinal
control remaining to hover downwind at wind speeds greater than 20
knots (paragraph 2.3.4).

d. During climbs in the speed range for maximum rate of
climb (45 to 60 KCAS) the hLelicopter was dynamically unstable
(paragraph 2.3.5).

e. The XM-134 mini-gun (XM-21 subsystem) when deflected
to the maximum inboard azimuth failed to cease firing (para-
graph 2.7.3).

f. The M-5 subsystem failed to fire when the combination
sight was rotated to its maximum azimuth (paragraph 2.7.1).

g. The XM-3 rocket launcher contacted the skid and aft
crosstube while jettisoning during autorotation (paragraph 2.6).

6



B 1.6 RECOMMENDATIONS

a. The contractor should define and correct the undamped
lateral vibration prior to service test (paragraph 2.4).

b. The rocket launchers should not be at maximum de-
flection during firing in a hover (paragraph 2.7.5).

c. The operator's manual should include a warning that
states: ''Downwind approaches should be avoided and hovering
downwind should not be attempted at wind speeds above 20 knots"
(paragraph 2.3.4).

d. The airspeed for maximum performance climbs should be
increased approximately 10 KCAS (paragraph 2.3.5).

e. The appropriate USATECOM test agency should investi-
gate the failure of the XM-134 mini-gun to cease firing when
deflected to the maximum inboard azimuth (paragraph 2.7.3).

f. The appropriate USATECOM test agency should investi-
gate the M-5 combination sight compatibility (paragraph 2.7.1).

g. The operator's manual should include 'caution' that
states: 'Jettison of the XM-3 rocket launcher should be avoided
during autorotation. If jettison is necessary, accomplish at
60 KCAS and zero sideslip'" (paragraph 2.6).

h. The level flight performance data in this report should
be included in the operator's manual of the UH-1B/540 (para-
graph 2.2.1).
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SECTION 2. DETAILS OF TEST

2,1 INTRODUCTION

Details of test methods and data reduction procedures corres-
ponding to each test conducted may be found in appendix II. A
brief description of the test methods used is included when nec-
essary for clarification of the individual test. All tests were
conducted with the XM-3, XM-16 or XM-21 armament subsystem install-
ed. The M-5 armament subsystem was a permanent installation dur-
ing the test program.

2.2 PERFORMANCE

2.2.1 Level Flight

Level flight performance tests were conducted at gross weights
ranging from 7570 pounds to 9215 pounds, rotor speed of 324 rpm, and
density altituues ranging from 4360 feet to 9060 feet. All tests
were conducted at an average forward C.G. (126.3) with empty rocket
launchers set at an elevation of 6 degrees above the waterline of
the helicopter. Level flight performance tests with the XM-16 sub-
system installed were not conducted since previous tests of the UH-
1B showed less than 5-percent difference in power required between
the XM-16 and XM-21 subsystems. The results of the individual tests
are presented in figures 7 throug 13, appendix I, and summarized in
non-dimensional form in figures 1 through 6.

Figure E shows a comparison of the power required in the
armed and unarmed UH-1B/540 at 9000 pounds, 324 rotor rpm and 5000
feet. Data for the unarmed helicopter were obtained from reference
p. The comparison was presented at different C.G. conditions since
the normal loading configuration for a 9000-pound gross weight gen-
erally results in a forward C.G. for thc armed aircraft and a near
mid C.G. for the clean aircraft.

The reduction in specific range and airspeed caused by the
installation of the XM-3/h-5 subsystems showed a maximum decrease

FIGURE E ——>
5
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Figure E
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3 60050 80 90 100 0 120

TRUE AIRSPEED ~ KNOTS

of 13 percent in specific range with a corresponding 20-percent de-
crease in airspeed (figure F). With the XM-21/M-5 subsystems install-
ed the maximun decrcase in specific range was 10 percent with a corres-
ponding 1I-percent decrcase in airspeed (figure F). The radius of
action {or a clcan aircraft was 117 nautical miles at 110 knots truc
airspeed (KTAS) comparcd with 103 nautical miles at 90 KTAS for the
XM-21/i1-5 configuration and 107 nautical miles at .96 KTAS for the XM-
21/M-5 configuration. The radius of action was based on the follow-
ing mission assumptions:

a. Lnginc-start gross weight of 9500 pounds with 1573
pounds of fuel aboard.

b. Warmup, takeoff and climb to cruise altitude (5000 feet)
of 5 minutes at normal rated power.

c. Cruise at rccommended airspeed (.99 Maximum Nautical Air
tlile Per Pound of Fuel) at 5000 feet.

10
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Figure F Level FLiGHT RANGE summARy
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GROSS WEIGHT ~ LBS
d. Loiter for 10 minutes at destination at normal rated pow-
er.

e. Return at recommended cruise airspeced at 5000 feet.

f. Landing at takeoff point with 10-percent usable fuel
remaining (no distance allowance or fuel used assumed).

The reduction in cruise airspeed, specific range, and radius of act-
jon of the armed UH-1B/540 helicopter should be included in the UH-
1B/540 operator's manual.

11
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2.2.2 Autorotation

Autorotation tests wcre conducted at various airspeeds to
determine the rate-of-descent characteristics as a function of air-
speed and weight. The tests were conducted with the rocket launch-
er cmpty at an average density altitude of 5000 feet, 324 rotor ipm,
forward C.G., and two average gross weights of 7800 pounds and 9330
pounds. At these conditions the armed Ul-1B/540 had a minimum rate
of descent of 1975 feet per minute (fpm) at 57.5 KCAS, as shown in
figure 16, appendix I. The unarmed aircraft had a minimum rate of
descent of 1780 fpm at 58 KCAS (reference p).

2.3 STABILITY AND CONTROL

The stability and control characteristics of the UH-1B/540 were
evaluated at a gross weight range from 7500 pounds to 9300 pounds,
rotor speed of 324 rpm, density altitude of 5000 feet, and forward
C.G. (126.5). The characteristics were found to be essentially the
same as those of the unarmed UH-1B/540 as reported in reference p.

2.3.1 Control Positions in Level Flight

Trimmed control positions as a function of calibrated airspeed
were obtained during level flight performance tests. Control positions
were satisfactory throughout the level flight envelope with sufficient
control margin remaining at the maximum level flight airspeed. It was
possible to trim all control forces to zero throughout the speed

range tested and the control system exhibited positive self-
centering charactcristics. The results of the individual tests
arc presented in figures 17 through 23, appendix I.

2.5.2 Static Longitudinal Stability

The collective-fixed technique was used to evaluate static
longitudinal stability. The aircraft was stabilized a: a trim air-
spced for the particular flight condition, the collective was lock-
ed in this position, then the airspeed was increased and/or decreas-
ed from this trim value by displacing the longitudinal cyclic control.
Tests were conducted in level flight with empty rocket launchers.

The armed UH-1B/540 had satisfactory positive static longi-
tudinal stability at all trim speeds above 40 KCAS. When the air-
craft was trimmed at 39 KCAS, the static longitudinal stability
between 14 and 30 KCAS was negative. This characteristic, which
is inherent in all Ull-1 helicopters, did not appear to be magnified
with the weapon subsystem installed. This region of negative stab-
ility was within the limits of paragraph 3.2.10 of MIL-H-8501A and
qualitatively was not considered objectionable. The results of the
individual tests are presented in figures 24 through 26, appendix I.

12

|
;

DA

i LN




2.3.3 Static Lateral-Directional Stability

Static lateral-directional stability was evaluated in level
flight at trim speeds of 55, 83, and 100 KCAS; and in a powcred
descent at limit airspeed (Vyg). Static lateral-divectional stab-
ility was also investigated in climbs at best climb airspeed and in
autorotations at the airspeed for minimum rate of descent.

Installation of the various armament subsystems did not alter
the positive static directional stability of the helicopter. The
static dircctional stability became stronger with an increase in air-
speed. The pedal deflection with increasing sideslip angles was
essentially linear. The strong static directional stability per-
mits pedal-fixed turns and cnables maneuvering or turning to be
accomplished with very little pedal application.

The change in static lateral-directional stability
fdihedral effect) appeared to be a function of gross weight.
At approximately 7700 pounds the dihedral effect wzs negative
in level flight at airspeeds above 50 KCAS. At apnroximately
9200 pounds the dihedral effect was neutral to slightly pos-
itive in level flight from 56 KCAS to 115 KCAS. Tne dihedral
effect during best rate of climb and minimum raie of descent
airspeeds was neutral to slightly positive for all gross
weights. The negative dihedral effect was also apparent in
the unarmed helicopter. This characteristic, although not in
accordance with paragraph 3.3.9 of MIL-L-8501A, was not con-
sidered objectionable by the pilot. Qualitative results of
the static lateral-directional tests are presented in figures
27 through 47, appendix I.

2.3.4 Sideward and Rearward Flight

Sideward and rearward flight characteristics were eval-
uated in ground effect (IGE) at a forward C.G. and 8300 and
8100 pounds. These tests were conducted with the XM-16/M-5
armament subsystems installed. Results of these tests are
shown in figures 48 and 49, appendix I.

The armed UH-1B/540 had azceptable sideward flight char-
acteristics. Control positions as a function of sideward velocity
were comparable with the unarmed Ul-1B/540 test results but dif-
fered from the classical control positions in sideward flight.

In left sideward flight the lateral control position remained
essentially unchuanged approximately 18 knots, then required an in-
crease in left stick. During left sideward flight a sharp incrcase
in right pedal was required between 9 to 17 KTAS. The helicopter
exhibited a strong nosedown pitch in left sideward flight requir-

13
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ing aft cyclic control to maintain a near constant pitch attitude.
Although the control positions were abnormal, thc characteristics
werce not objectionable. Control positions during ripght sideward
flight were essentially lincar.

Rearward flight was conducted IGE at 8100 pounds and a C.GC.
of 127.5 inches (1.5 inches from full f{orward limit). As shown
in figurc 49, appendix I, an abrupt nosedown pitch change occurred
between 5 and 15 KTAS that required anproximatcly 3 irches of aft
lciogitudinal control to maintain a constan® pitch attitude. This
characteristic was also observed in the unarmed UH-1B/540 (refer-
ence p). At 30 KTAS rcarward flight 0.57 inches of aft control
remained. A warning should be placed in the operator's manual that
states: ''Downwind approaches shculd be avoided and hovering 'down-
wind' should not be attempted at wind speeds above 20 knots."!

2.3.5 Dynamic Stability

Dynamic stability tests were conducted during level flight,
climbs, and autorotations. In level flight and autorotations the
response of the heliccpter to a l-inch control pulse was cssentially
deadbeat about all three axes. The dutch roll mode excited by
cither a lateral or directional disturbance was well damped.

During steady-state climbs at maximum performance climb
speed (45 to 60 KCAS), a slow divergent pitch oscillation occured.
A longitudinal disturbance aggravated this instability which when
not corrected immediately resulted in a significant loss in alt-
itude. Constant monitoring of the pitch attitude was required
during climbs in this speed range. This characteristic has been
observad in all UH-1 series aircraft in varying degrees. To avoid
this condition, climbs should be conducted approximately 10 KCAS
above the maximum performance climb speed.

2.3.6 Controllability

The controllability of the aircraft with the armament sub-
systems installed was determined by noting the aircraft's response
to step-type control inputs about all three axes. Representative
controllability curves are presented in figures 56 through 67,
appendix I, and swmmarized in figures 50 through 55.

The comparisons in tables I and II show that the controll-
ability of the armcd aircraft was essentially the same as that of
the clean aircraft. The controllability characteristics in the
armed configuration were considered satisfactory.
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TABLE 1

CONTROL SENSITIVITY '

Time to

Configuration Axis Sensitivity Peak
deg/Secz/in sec

Clean Pitch Up 12.2 Dn 13.2 0.4 to 0.6

Roll Rt 22.4 Lt 20.5 0.3 to 0.5

Yaw Rt 35.8 Lt 31.5 0.4 to 0.5

rescas Cover Kl oSl o

Armed Pitch Up 14.0 Dn 14.5 0.5
Roll Rt 22.2 Lt 22.2  0.45
Yaw Rt 30 Lt 28.5 0.5
NOTE: Comparison made at 95 KCAS and 9300 pounds
gross weight,
TABLE II

CONTROL RESPONSE

E _ | ' Time to
! Configuration Axis Response - ~ Peak

deg/sec/in 4 Vggcai

Clean Pitch Up 3.5 Dn 2.3 1.0 to 2.0

Roll Rt 9.8 Lt 9.8 1.0 to 2.0

Yaw Rt 16.8 Lt 13.2 0.5 to 1.2

Atmed  Pitch Up 4.2 Dn 6.5 . 1.4
Roll Rt 9.8 Lt 11.8 ° ‘1.2
Yaw Rt 10.8 Lt 11.8 . 0.8

NOTE: Comparison made at 95 KCAS and 9300 pounds

ross weight.
g g 1s
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2.4 VIBRATION

Qualitatively, the vibration characteristics of the heli-
copter were generally satisfactory. In calm air the aircraft
exhibited a self-induced lateral 2/3-per-rev undamped vibration
of varying amplitudes. This vibration, of undetermined origin,
resulted in a grounding of the helicopter and termination of
testing. The same vibration has been reported on other UH-1B/
540 helicopters. This vibration was extremely disconcerting to
the crew. The effect this vibration has on component life is
not known and, thercfore, the vibration could cause a safety-
of-flight condition.

2.5 AIRSPEED CALIBRATION

A calibrated trailing bomb was used to determine the pos-
ition error of the standard airspeed system. The results of
this test are shown in figure 68, appendix I. The standard
airspeed system met the requirements of MIL-I-6115A at speeds
above 40 KCAS.

2.6 JETTISON

Jettisoning of the XM-3 (2.75-inch) rocket launcher was
accomplished to obtain a flight envelope for safe jettison of
the launcher. Empty launchers were used since previous tests
with loaded and empty launchers indicated that jettison of the
empty launchers was the more critical (reference Xx).

Jettisons were accomplished by detonating two explosive
bolts with a 0.1-second time delay between jettison of the top
and bottom bolts. These bolts connected the launcher to a
crank arm on the universal pylon. Using this time delay allow-
ed the launcher to rotate away from the aircraft before the
bottom bolt detonated. Tests were conducted during stabilized
flight at a gross weight of 8100 pounds, forward C.G. (126.7
inches), rotor speed of 324 rpm, and an altitude of 500 feet
above the ground. The launchers were installed at the maximum
elevation angle of 6 degrees naseup from the waterline of the
helicopter.

Level flight jettison data indicated the critical flight
conditions at which to jettison were from the high side (left
side in right sideslip and right side in left sideslip) duc to
increasing roll attitude with increasing sideslip. The launch-
er had a yawing tendency away from the aircraft due to the
initial roll of the launcher and a pitchdown tendency due to
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the pitch attitude of the aircraft. When hits were sustained
on the skid the launcher fell clear of the aircraft in approx-
imately 0.7 seconds. When hits were not sustained on the skid
the launcher cleared the skids in less than 0.5 seconds. At
no time did the launcher have a tendency to float or to move
aft into the tail section. The general flight characteristics
of the launcher, figures 69 and 70, appendix I, are represent-
ative of all level flight jettisoning.

The recommended safe Jettlson envelope during level flight
and high-powered descents is shown in figure G. No jettison-
ing in close proximity to the ground is recommended due to pos-
sibility of the aircraft's being damaged from a rebounding
launcher.

Figure G LEVEL FLIGHT and HIGH POWER DESCENT

RECOMMENDED JETTISON ENVELOPE
XM-3 ROCKET LAUNCHER EMPTY

3

¥

N\

Ao

g‘@ AREA FOR € AFE JETTISON

X X .

"’8 XM 3 ROCKET LAUNCHER E

§9 ' '

N

¢y

R Y NOTE : JeTTISONS WERE MADE WITH BOTH LAUNCHERS
ATTACHED . TIME DELAY FOR EXPLOSIVE
BOLT DETONAT/ION WAS O./ SECONDS.

| 40 60 80 100 120
CALIBRATED AIRSPEED ~ KNOTS

E 17




Jettisons during full autorotation were conducted at 60,
70, and 80 KCAS. During these tests the launcher floated on
the skid and aft crosstube approximately 0.4 seconds, then
left the aircraft as shown in figure 71, appendix I. Due to
the nonavailability of sufficient XM-3 rocket launchers a com-
plcte autorotation jettison envelope could not be established.
If jettisoning is necessary during an autorotation it is re-
commended that 60 KCAS, zero-degrec sideslip bec maintained.

2.7 WEAPONS FIRING

Firing tests were conducted to determine if any safetv-of-
flight or stability and control problems existed. During the
tests the -5 subsystem was a permanent installation on the
helicopter; whereas the Xi-16, XM-21 or XH-3 subsystem was
interchangeablc depending upon the test being conducted. The
systems were fired at conditions that would produce the max-
imum adversc gross weight of 9000 pounds, a forward C.G. of
127.4 inches, and a rotor speed of 324 rpm. The speed ranged
from zero knots (IGE hover) to 125 KCAS (Vyg).

2.7.1 M-5 (M-75 Grenade Launcher)

The M-5 subsystem was fircd in the stowed position (zero-
degree clevation and zero-degrec azimuth) and in combination of
15-degree clevation and + 60-degree azimuth or 35-degrce depress-
ion and + 60-deprec azimuth.

When firing the M-5 subsystem no adversc stability and
control problems were noted. In level flight the helicopter
would pitch or yaw depending on the gun position at speeds
below 80 KCAS. This was easily controlled by the pilot. Above
80 KCAS the recoil '"shook' the helicopter but no yawing or
pitching tendency was evident. Firing during hover at 35-degree
depression caused the aircraft to pitch up and translate rearward.
Timing marks on the oscillograph trace showed the -5 firing rate
to be 200 rounds/minute. During the firing of the M-5, extreme
deflection of the combination sight would cause the weapon to
ceasc firing. The combination sight and/or the M-5 subsystem
should be modified to allow the system to fire at maximum deflec-
tion.

2.7.2 XiI-16_(H-60C Machine Gun)

The XM-16 subsysten was fired in the stowed position (zcro-
degrec clevation and zero-degrec azimuth) and in combinations of
9-degree elevation and +70-degree azimuth or 66-degree depression
and +70-degrec azimuth. The system was also fircd at 12-degree
clevation and 66-degrec depression with zero-degree azimuth. The

18




M-60C machine gun cecascd firing when cither weapon traversed to
its inboard limit (12 degreecs).

The system had only one malfunction; this was caused by
improper feeding of the ammunition booster sprocket.

2.7.3 XM-21 (XM-134 Mini-Gun)

The XM-21 subsystem was fired in the stowed position (zero-
degree elevation and zero-degree azimuth) and in combination of
12-degree elevation +70-degree azimuth or 85-degree depression
and +70-degree azimuth. As with the XM-16 subsystem, the XM-134
mini-gun ceased firing when at its inboard limit (12 degrees).

Firing the XM-21 at maximum azimuth conditions caused the
helicopter to yaw slightly; however, no control problems were en-
countered. 7Two malfunctions were caused by failure of the feeder
chute to stretch during extreme right or left deflection. This
problem was eliminated by allowing more slack to the feeder chute.
Another malfunction was caused by the ammunition booster sprocket's
becoming jammed. In the stowed position the firing rate was 2600
rounds/minute for the right gun and 2800 rounds/minute for the
left gun. With the weapons at maximum left or right azimuth the
firing rate was 4000 rounds/minute (left gun only) and 3700 rounds/
minute (right gun only). During the rate-of-fire tests of the
XM-21 the right gun failed to cease firing when the left gun was at
maximum left azimuth. This was a hazardous situation and all
personnel should be made aware of this possible condition.

2.7.4 XM-16/XM-21 (XM-157 Rocket Launcher)

The XM-157 rocket launcher which was used with either the
XM-16 or XM-21 subsystem was fired at the conditions listed in
table III,

No adverse stability and control problems were encountered
when firing the XM-157 subsystem. Firing at a ripple rate of 6
pairs/second caused the helicopter to pitch down; however, the
pitch was easily controlled.
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TABLE III

XM-16/XM-21 FIRING CONDITIONS

1 : ‘Number of
Flight Condition Sideslip Angle Airspeed Rockets Fired
deg KCAS
Hover (IGE) I 0 0 7 per side
Hover (IGE) 0 0 . 7 Lt Side
Hover (IGE) 0 0 7 Rt Side
Level Flight 0 100 7 per side
.Slight Descent 0 125 7 per side
(500 fpm) ,
Slight Descent 0 125 7 Rt Side
(500 fpm) .
Slight Descent 0 123 7 Lt Side
(500 fpm)
Slight Descent 15 Right 125 7 Rt Side
(500 fpm)
Slight Descent 13 Left 120 7 Lt Side
(500 fpm) ;

NOTE: Rocket launcher elevated 6 degrees from waterline.

2.7.5 XM-3 Rocket Launchgz

The XM-3 rocket launcher was fired at the conditions listed
in table IV. The number of rockets fired does not include those
fired during buildup to critical conditions. The rocket launcher
was installed at the maximum elevation of 6 degrees during stah-
ility and control tests and at the maximum depression of 6 degrees
during tests to determine thec effect of rocket motor debris
striking the helicopter.

Salvoing 48 rockets at the rate of 6 pairs/second at 125
KCAS (Vyp) caused the helicopter to pitch down slightly. This pitch-
down was easily controlled. Salvoing 48 rockets from a hover required
approximately 1.1 inches of aft longitudinal control to maintain a
constant attitude (figure 72, appendix I). Firing 24 rockets
asymmetrically from a hover with 24 dummy rockets installed in the
opposite launcher required approximatcly 1/8 to 1/4 inch of direct-
ional and lateral control movement to maintain a constant attitude.
The pitchdown and yaw werc not considered objectionable. The XM-3
subsystem when deflected 6 degrecs down should not be fired during
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TABLE IV

XM-3 FIRING CONDITIONS

o ‘ e ~ Number of
Flight Condition Sideslip Angle Airspeed Rockets Fired
G, | aadely T 0 LpKOASER B

Hover (IGE) = 0 ‘0_\f 24 per side -
Hover (IGE) 0 0 24 Lt Side
Hover (IGE) 0 0 ,54-Rt'Side
Slight Descent 0 125 24 per side .
(500. fpm). | g H
Slight Descent 5 Left 125 .24 Lt Side’
(500 fpm) - @ ; Lo
Minimum Power 0 125 24 per side
Dive (10 deg). ; Al a0
Throttle:Chop 0 125 24 per side

NOTE: Rocket launcher elevated 6 degrees from waterline.

IGE hover. If fired IGL the debris created from the rocket detonation
upon imract with the ground could damage the aircraft.

During the XM-3 firing tests, the rocket motor debris caused
random superficial scratcles on the elevator, fuselage, vertical tail,
and tail rotor. An improved elevator which had a protective steel
shield on the leading cdge and an increased strength main spar was
installed on the test aircraft. Tests were conducted at different
flight conditions than those which caused severe damage to the clev-
ator on other Ull-1 series aircraft; thercfore, the effectiveness of
the steel shield against rockect debris damage is not known.
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FIGURE NO. 1
NON-~DIMENSIONAL LEVEL FLIGHT PERFORMANCE
UH-1B/540 USA S/N 64-14105
T53-L-11 ENGINE
XM-21/M-5 ARMAMENT SUBSYSTEM
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FIGURE NO, 2
NON-DIMENSIONAL LEVEL FLIGHT PERFORMANCE
UH-1B/540 USA S/N 64-14105
T53-L=11 ENGINE
XM=21/M-5 ARMAMENT SUBSYSTEM

Ph-g
-
ek ;*;#
W -
-
-~
o 37
=
-
—
-
, o - NOTE :
b POINTS OBTAINED
P

FROM FAIRED CURVES
OF FIGURES 7 THRU 9

40 42 44 46 48 50 52 54 56 58 60 62

C.. X 10? = X 104
pA(QR)

TP =

oo

it S e e L T




- T E—————— e T —— B L ]
YT TS
5 40 S T "

NON-DIMENSIONAL LEVEL FLIGHT PERFORMANCE
UH-1B/540 USA S/N 64-14105
TS3-L-11 ENGINE
XM-21/M-5 ARMAMENT SUBSYSTEM
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FIGURE NO, 4
NON-DIMENSIONAL LEVEL FLIGHT PERFORMANCE
UH-1B/540 USA 5/N 64-14105
T53-L-11 ENGINE
M-3/M-5 ARMAMENT SUBSYSTEM
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FIGURE NO, 5
NON-DIMENSIONAL LEVEL FLIGHT PERFORMANCE
UH-1B/540 USA S/N 64-14105
T53-L-11 ENGINE
M«3/M«5 ARMAMENT SUBSYSTEM
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FIGURE NO, ¢
NON-DIMENSIONAL LEVEL FLIGHT PERFORMANCE
UH-1B/540 USA S/N 64-14105 +
TS3-L=11 ENGINE
M-3/M-5 ARMAMENT SUBSYSTEM
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FIGURE NO, 7 ~
LEVEL FLIGHT PERFORMANCE
Uli-1B/540 USA S/N 64-14105
T53-L-11 ENGINE
XM-21/M-5 ARMAMENT SUBSYSTEM
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FIGURE NO. 8

LEVEL FLIGHT PERFORMANCE
Ul-1B/540 USA S/N 64-14105

T53-L-11 ENGINE

XM-21/M-5 ARMAMENT SUBSYSTEM
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FIGURE NO, 9
LEVEL FLIGHT PERFORMANCE
UH-1B/540 USA S/N 64-14105
T53-L-11 ENGINE
XM-21/M=5 ARMAMENT SUBSYSTEM
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FIGURE NO, X0
LEVEL FLIGHT PERFORMANCE
UH-1B/540 USA S/N 64-14105
TS83=-L-11 ENGINE
XM-3/M«5 ARMAMENT SUBSYSTEM
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FIGURE NO, 11
LEVEL FLIGHT PERFORMANCE
Ull-1B/540 USA S/N 64-14105
T53-L-11 ENGINE
XM-3/M-5 ARMAMENT SUBSYSTEM
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FIGURE NO, 12
LEVEL FLIGHT PERFORMANCE
UH-1B/540 USA S/N 64-14105
T53-L-11 ENGINE
XM=3/M=5 ARMAMENT SUBSYSTEM
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FIGURE NQO. 13
LEVEL FLIGHT PERFORMANCE
UH-1B/540 USA S/N 64-14105
T53-L-11 ENGINE
XM-3/M-5 ARMAMENT SUBSYSTEM
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FIGURE NO, 16
AUTOROTATION CHARACTERISTICS
UH-1B/540 :USA 'S/N 64214105

GROSS  ROTOR C.G. DENSITY  ARMAMENT
WEIGHT  SPEED LOCATION ALTITUDE SUBSYSTEM
SYM LBS RPM IN FT
a 9330 324 126.4 (FWD) 5000  XM-16/M-5
o 7830 324 126.5 5000  XM=21/M-5
A 7795 324 126.6 5000  M-3/M-5
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FIGURE NO, 17
CONTROL POSITION TRIM CURVES
Uli-1B/540 USA S/N 64-14105
XM-21/M-5 ARMAMENT SUBSYSTEM

GROSS WEIGHT = 8090 LBS
DENSITY ALTITUDE = 8995 FT
ROTOR SPEED = 324 RPM

C.G., LOCATION = 126.7 IN. (FWD)

o—0—9 o

LATERAL STICK TRAVEL = 12,07 IN. FROM FULL LEFT

2 e__..ﬂ— o T_‘-”"'cﬂ

PEDAL TRAVEL = 3,50 IN, FROM NEUTRAL

3%

COLLECTIVE TRAVEL = 10,65 IN, FROM FULL DOWN

LONGITUDINAL STICK TRAVEL = 12,17 IN, FROM FULL FORWARD
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FIGURE NO, 18
CONTROL POSITION TRIM CURVES
Ull-1B/540 USA S/N 64-14105
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